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R1162In bats, the occurrence of
echolocation involving different signals
produced in different ways may inform
us about plausible steps, missteps, or
both along the way in the evolution of
echolocation in bats and other groups.
Echolocation is not characteristic of
bats, or is at least unknown in the vast
majority of the roughly 200 species
belonging to the family Pteropodidae.
We do not know if echolocation using
laryngeally produced sounds was
basal to the lineage leading to bats
or if it evolved independently in two
or more lineages of bats [15,16].
Boonman et al. [5] remind us that signal
type, signal source and phylogenetic
position do not constrain the evolution
of echolocation. Griffin [12] and others
[17,18] have provided robust protocols
for proving whether or not flying,
swimming, and walking/running
animals echolocate. Such protocols
allowed Shusterman et al. [19] to refute
the proposal that pinnipeds
echolocate. Boonman et al. [5] kindly
provide a refresher course on this topic
and demonstrate that echolocation
signals need not be emitted from an
echolocator’s head, even when echoes
will be received there.References
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that Promote AgingA yeast mother cell progressively ages with each cell division and yet produces
daughter cells that are largely rejuvenated, suggesting that mothers
accumulate aging factors. Two current studies address this issue by identifying
mother-specific long-lived proteins and, in the case of Pma1, evidence that
asymmetric distribution drives mother cell aging.Chuankai Zhou1,2, Rong Li1,2,
and Brian K. Kennedy3,*
The study of yeast replicative aging,
defined as the number of cell divisions
that one mother cell can undergo, has
proven to be a major vein of aging
research [1]. Genetic studies have led
to numerous aging genes that
modulate lifespan, many of which
have orthologs conserved in other
eukaryotic species [2]. Less well
understood is how an aging mother
cell, at least until very late in its
lifespan, can bud to produce a
rejuvenated daughter cell [3]. Most
current models suggest that agingfactors, such as extrachromosomal
rDNA circles (ERCs) and oxidatively
damaged proteins, accumulate
specifically in mother cells [4,5]. Two
recent reports from the Gottschling lab
offer insights into mother–daughter
asymmetry and its relationship to
aging. One study identifies long-lived
asymmetrically retained proteins
(LARPs) that stay in the mother cell and
may underlie aspects of aging [6]. The
second focuses on one protein, Pma1,
which is retained in the plasma
membrane of mother cells and
promotes aging by transporting
protons out of the cytoplasm and
raising cellular pH [7].Proteins in each organism tested
display a wide range of stability. At one
extreme, some proteins last for the
entire life of the host organism;
examples include the crystalline
protein of the eye lens and collagen.
While recent studies expand this pool
of long-lived proteins to those localized
inside the cell, such as histones and
nuclear pore complexes in post-mitotic
cells, dividing cells were generally
thought to continuously turnover their
proteome and to be largely spared of
long-lived proteins likely to accumulate
damage [8]. This concept was
challenged when it was shown that a
number of long-lived multidrug
resistance (MDR) proteins are not
replenished in the mother cell during
cell division because the majority of
newly synthesized proteins during
each cell cycle are asymmetrically
targeted to the daughter cell [9]. As the
mother cell ages, limited replenishment
of these MDR proteins is insufficient to
maintain their levels in the mother cell,
while the function of the existing
proteins decline. This is likely a
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Figure 1. Different LARPs and fitness consequences during aging.
(A) Most proteins cycle between synthesis and degradation during each cell division. About
135 proteins in budding yeast were found to be long lived and asymmetrically segregated
toward the mother cell in budding yeast. They exist in three different categories: i) fragments
of proteins; full-length protein partitioned into ii) aggregates or iii) plasma membrane microdo-
mains. (B) Pma1 accumulates in the mother cell during aging but is largely absent from
nascent daughter cells. The accumulated Pma1 antagonizes V-ATPase-mediated vacuole
acidification in the mother cell by reducing cytosolic protons.
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R1163contributing factor to aging since
gene copy number increases of several
MDP proteins leads to lifespan
extension.
In the new study, Thayer et al. took
a similar approach but used stable-
isotope pulse-chase and total
proteome mass spectrometry to
identify mother-specific proteins that
had an exceptionally long half-life
(Figure 1A) [6]. They identified two
classes of LARPs, one set being
identified as full-length proteins while
the other, representing the majority,
being fragments and post-
translationally modified proteins. The
latter set was not analyzed in depth but
future studies should be performed to
determine whether these fragments
are in fact components of protein
aggregates that accumulate in aged
cells and can promote replicative
aging. Naturally occurring protein
aggregates in aged cells have also
been shown to segregate
asymmetrically tomother cells [10]. Full
length LARPs localized either to the
plasma membrane, consistent with
mother-specific retention of other
components, such asMDR proteins [9],
or to other cytoplasmic structures that
resembled filaments, as in the case of
Hsp26 and Thr1 [11].
The half-life of proteins is widely
divergent for reasons that are
incompletely understood, especially in
dividing cells. While short-lived
proteins are often turned over quickly
through regulatory mechanisms,
exceptionally long-lived proteins
remain more of a mystery. It is possible
that these proteins, by virtue of their
structure, evade ubiquitin-mediated
proteolysis, autophagy, or endocytosis
in the case of plasma membrane
proteins [12,13]. The findings of Thayer
et al. support another non-exclusive
possibility— that proteins such as Thr1
evade proteolysis by portioning into
stable structures where they are
inaccessible [6]. Given that long-lived
proteins may accumulate more
damage during aging, such as
oxidation and fragmentation, it will
be interesting to determine the
relationship between LARPs and
proteome damage in the context of
replicative aging.
The existence of long-lived proteins
may have profound consequences for
organismal fitness [8]. Accumulation of
damage may cause dysfunction of the
tissues aswell as the cellular structures
due to loss of function of theseproteins. In addition, these damaged
proteins could have even more toxic
effects by, for example, trapping other
cellular components into aggregates or
producing fragmented proteins with
abnormal functions. The second study,
by Henderson et al., provides such an
example, where hyperactivity of Pma1
retained in themother cell underlies the
previously observed increase in
vacuolar pH in aged mother cells but
not their daughters (Figure 1B) [7,14].
The study evaluated two potential
culprits that might affect pH
homeostasis, the vacuolar proton
ATPase and plasma membrane proton
ATPase (Pma1). No evidence of
asymmetry was found in the vacuolar
enzyme, whereas Pma1 was found to
be asymmetrically localized to mother
cells [7]. Unlike the MDR proteins,
Pma1 also increases in abundancewith
age in the mother. An increase in
mother-specific Pma1 activity leads to
enhanced export of protons out of the
cell, creating a depleted pool in the
cytoplasm for the vacuolar ATPase to
import into the vacuole. This in turn
leads to elevated vacuolar and
cytoplasmic pH with age.
Consistent with a role for Pma1
accumulation in mother cells with age,
reduced expression of Pma1 leads to
lifespan extension [7]. Epistasis
experiments were performed in an
attempt to link the role of Pma1 inlongevity to regulation of vacuolar
acidification. Pma1 expression was
reduced in a vma2D background,
which lacks a subunit of the vacuolar
proton ATPase. However, the
vma2D background is exceptionally
short-lived, making interpretation of
the lifespan effect difficult. The results
are consistent with the notion that
vacuolar proton ATPase activity is
required for part of the lifespan
extension by reduced Pma1
expression, but that other
mechanisms may also be in play.
The study of yeast aging pathways
potentially offers insights generalizable
to multicellular organisms. Genes
linked to replicative aging in yeast are
likely to have orthologs that modulate
aging in worms [15] and likely
mammals. And the most well studied
aging pathways, including calorie
restriction, mTOR and sirtuins, were
either discovered or have been
intensively studied in the context of
yeast aging [1,16]. An important next
step is to determine the mechanisms
by which these pathways modulate
aging. Increasingly, the asymmetry
during yeast cell division is being linked
to these aging mechanisms and it may
be interesting to determine whether
longevity interventions could act by
modulating the fidelity of this
asymmetry. This appears to be the
case in at least one instance: yeast cells
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functions in cell polarity, are reported
to allow ERC segregation into the
daughter, reducing the retention of this
aging factor in the mother and resulting
in her enhanced longevity [17].
Another important question is
whether the impacts of cellular
asymmetry identified in yeast also play
a role in mammalian cell aging. Adult
stem cells can divide asymmetrically to
produce another stem cell and a cell
committed to differentiation toward a
specific lineage. A recent study found
that damaged proteins in Drosophila
are distributed asymmetrically,
becoming enriched in either the
differentiating progeny or the stem cell,
depending on the type of stem cell
interrogated [18]. Given that the ability
of adult stem cells to re-populate
damaged tissue declines with age [19],
it will be critical to understand how
asymmetric segregation of aging
factors during cell division influences
stem cell fitness and regenerative
potential.
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at Night?New measurements of nerve cells in the eye show how very dim lights are
processed by night-vision pathways.Paul R. Martin
The eye feeds the brain with
information about the visual world, the
information all being transmitted via
the optic nerve. Optic nerve fibres — in
humans there are about one million
for each eye — are the extended
processes of nerve cells called retinal
ganglion cells. As their name suggests,
these cells are housed in the retina,
which lines the back of the eye and
contains the nerve circuits that process
signals from the light-sensing rod
and cone photoreceptor cells. Because
all visual sensations rely on ganglion
cell activity, we need to understand
how, why, and when ganglion cellsrespond to light. In a new study
reported in this issue of Current
Biology, Ala-Laurila and Rieke [1]
measured responses of ganglion cells
at the sensitivity limit of night-time
(scotopic) vision. Their resultsmay help
us understand howwe can find our way
around in starlight.More generally, they
suggest a clever strategy of nerve
signal processing: the eye sends
high-gain and low-gain signals in
parallel to the brain. But first, a little
history.
Anatomy Is Destiny
In 1935, Stephen Polyak, a
Croatian-born Professor of Anatomy at
the University of Chicago, was deeplyengaged in his now-classic anatomical
studies of the retina of humans
and other primates [2]. He discovered
a conspicuous cell type with
signal-collecting processes (dendrites)
that looked like ‘‘an open Chinese
umbrella or parasol’’. He described two
subtypes of parasol cells that send
their dendrites to distinct sublayers of
the retina. Polyak also showed that the
dendrites of parasol cells are small in
extent near the centre of the retina and
are larger toward the retinal edges.
These observations turned out to have
key functional correlates for vision
[3,4]: the parasol cell’s sublevel of
dendrite stratification sets its response
to light onset (On parasol) or light offset
(Off parasol), and the dendritic field size
determines the spatial resolving power
of the cell.
The intervening years have taught us
that parasol cells are a crucial part of
the visual system. They are essential
for motion perception, and they make
big contributions to form vision under
